Phylogenetic relationships of leafless Neotropical Angraecinae (Dendrophylax Rchb.f., Harrisella Fawc. & Rendle, Polyradicion Garay, and Campylocentrum Benth.) were estimated using combined nuclear (ITS nrDNA) and plastid (matK and trnL-F) data sets with African angraecoid taxa as outgroups. Results indicate that Harrisella, Polyradicion, and Campylocentrum filiforme (Sw.) Cogn. are embedded within Dendrophylax and should be included in Dendrophylax. This contrasts with earlier generic concepts, which have been based mainly on gross differences in floral size and various morphological autapomorphies. Based on our current sampling, Campylocentrum includes both leafy and leafless species and is sister to a broadly defined Dendrophylax.
Introduction
The majority of species in the orchid tribe Vandeae (158 genera; ca. 1250 species ; Dressler 1993) are found throughout the Old World tropics, while leafless genera of subtribe Angraecinae are restricted to the Neotropics. As defined by Dressler (1993) , these New World endemics include Campylocentrum Benth. (ca. 55 species; Brazil to Mexico and Greater Antilles), Dendrophylax Rchb.f. (six to eight species; Greater Antilles), Polyradicion Garay (two to four species; Florida and Cuba), and Harrisella Fawc. & Rendle (one to three species; Mexico, Greater Antilles, Florida, El Salvador). No phylogenetic analysis of Angraecinae has been published, but most workers have assumed these Neotropical species form a clade, possibly the result of long-distance dispersal and subsequent radiation (McCartney 2000) . This group is also remarkable for the occurrence of a leafless growth habit found only in the tribe Vandeae. In several genera of Vandeae (e.g., Taeniophyllum Blume from Asia, Microcoelia Lindl. from Africa, and the above-mentioned genera from the New World), the adult plants possess a very reduced stem and lack leaves; photosynthesis occurs in the chlorophyllous aerial roots and inflorescence axes.
All species of Dendrophylax, Harrisella, and Polyradicion are leafless, but Campylocentrum includes both leafy and leafless species. Flower size varies dramatically among and within genera. Dendrophylax funalis (Sw.) Benth. ex Rolfe, Dendrophylax fawcettii Rolfe, Dendrophylax sallei (Rchb.f.) Benth. ex Rolfe, and Polyradicion lindenii (Lindl.) Garay produce large white, nocturnally fragrant flowers with long, nectariferous spurs (ca. 15 cm in D. fawcettii), whereas other species of Dendrophylax produce much smaller, greenish flowers. Harrisella porrecta (Rchb.f.) Fawc. & Rendle has tiny, greenish 1 Author for correspondence; e-mail barbarac@botany.ufl.edu.
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tan flowers with a short (ca. 1 mm), bilobed spur; the inflorescence is few flowered and relatively lax. In contrast, most species of Campylocentrum produce short, congested inflorescence axes bearing 10-20 small, white flowers with relatively short spurs. Many of the Old World Angraecinae have large white, spurred flowers that exhibit a hawkmoth pollination syndrome.
Because vegetative characters are reduced or greatly altered in these leafless orchids, the generic concepts of Neotropical Angraecinae have been based largely on gross floral and pollinarium morphology. Most species were originally placed in the genus Aeranthus Lindl. by early workers and were later separated from the Paleotropical taxa into segregate genera. The most recent comprehensive taxonomic treatment of Neotropical Angraecinae is that of Nir (2000) in his examination of Antillean Orchidaceae. In this work, Nir (2000) transferred Polyradicion and Campylocentrum constanzense Garay into Dendrophylax and transferred Harrisella into Campylocentrum, leaving two Neotropical genera distinguished by flower resupination and fruit size.
To date, four species of Harrisella have been described: H. porrecta, Harrisella filiformis (Sw.) Cogn., Harrisella monteverdi (Rchb.f.) Cogn., and Harrisella uniflora Dietrich. Ackerman (1995) examined the types of these taxa and concluded that H. filiformis and H. monteverdi were synonymous with the leafless Campylocentrum filiforme (Sw.) Cogn. ex Kuntze. Citing unpublished studies of Cuban Harrisella by Jorge Ferro Díaz, Ackerman (1995) also regarded H. uniflora as a synonym of H. porrecta. Conversely, Nir (2000) regarded H. uniflora as a synonym of C. filiforme. In both cases, Harrisella was reduced to a single species, H. porrecta.
Combined molecular analyses of several orchid clades have shown that floral morphology is evolutionarily plastic (e.g., Oncidiinae, Chase and Palmer 1997; Catasetinae, Pridgeon and Chase 1998; Stanhopeinae, Whitten et al. 2000 ; Oncidiinae, Williams et al. 2001) . Given the extreme morphological 44 INTERNATIONAL JOURNAL OF PLANT SCIENCES reduction in these leafless taxa and the probability of floral convergence based on pollination syndromes, DNA sequence data should provide a useful and independent data set for evaluating relationships. In this study, we use DNA sequence data to examine the monophyly and generic relationships within Neotropical Vandeae as well as homoplasy of the leafless condition.
Material and Methods
Specimens were obtained from cultivated material, herbarium specimens, or wild-collected plants (table 1) . Samples of Polyradicion lindenii, Campylocentrum pachyrrhizum (Rchb.f.) Rolfe, and Harrisella porrecta from Fakahatchee Strand State Preserve, Florida, and H. porrecta from Grand Cayman are unvouchered; we were only allowed to collect root tips because of the rarity of these species at these localities. Protocols for extraction, amplification, and DNA sequencing from fresh and silica gel-dried material are given in Whitten et al. (2000) . We did not sample the following Antillean species of Dendrophylax and Campylocentrum: Campylocentrum macrocarpum Dod, Dendrophylax constanzense (Garay) Nir, Dendrophylax gracilis (Cogn.) Garay, Dendrophylax helorrhiza Dod, and Dendrophylax serpentilingua (Dod) Nir.
Many of these taxa are rare in cultivation and in the field, so we attempted to amplify DNA from herbarium specimens. Extractions of 1-2 cm of root from herbarium material usually yielded degraded DNA. Attempts to amplify the entire ITS region in one piece were unsuccessful; however, we were able to amplify ITS 1 and ITS 2 separately by using the primers of Blattner (1999) . Before amplification, total DNAs from herbarium material were cleaned using Qiagen QIAquick columns to remove inhibitory secondary compounds. The amplification mix consisted of 33 mL water, 5 mL Sigma buffer, 6 mL MgCl 2 (25 mM), 1 mL dNPTs (10 mM each), 1 mL of each primer (10 pmol/mL), 5 mL of template, and 0.2 mL of Sigma Taq polymerase. The thermocycler protocol consisted of an initial denaturation at 94ЊC for 2 min followed by 35 cycles of 94ЊC for 45 s, 55ЊC for 45 s, and 72ЊC for 1 min, with a final extension at 72ЊC for 3 min. Using these two primer sets (A/ C and B/D), we were able to amplify and cleanly sequence the ITS region from herbarium specimens up to 63 yr old.
We attempted to amplify both nuclear and chloroplast regions for all Neotropical taxa, but efforts to amplify chloroplast regions (matK and trnL-F) proved unsuccessful for most taxa available from herbarium specimens. Therefore, parsimony analyses were conducted with several data sets with an uneven sampling of taxa: (1) an ITS data set containing 33 individuals of 20 ingroup species; (2) a trnL-F data set containing 24 individuals of 14 ingroup species; (3) a matK data set containing 25 individuals of 15 ingroup species; (4) a chloroplast data set with matK and trnL-F combined for 27 individuals of 14 ingroup species; and (5) a combined data set of ITS, matK, and trnL-F regions containing 37 individuals of 20 ingroup species. Sequences were aligned manually; data matrices are available from us. Cladistic analyses based on parsimony were performed using PAUP* 4.0b10 (Swofford 1999) . Levels of support were estimated using the bootstrap method (BS; 1000 replicates). Outgroup taxa in all analyses (Angraecum chevalieri Summerh., Angraecum cultriforme Summerh., and Angraecum eichlerianum Kraenzl.) were chosen on the basis of more extensive combined analyses using 130 taxa within Vandeae (B. S. Carlsward, unpublished data) in which these three species of Angraecum were sister to the New World clade. Heuristic searches were performed with 1000 random-addition replicates, saving 10 trees per replicate, with the tree bisection/reconnection (TBR) algorithm. All characters were weighted equally, and no regions were excluded from the alignment. Trees resulting from this initial search were swapped to exhaustion. Bootstrap analyses utilized 1000 replicates, with 10 random-addition replicates (SPR swapping) per bootstrap replicate.
Results
In all analyses, species of Campylocentrum (excluding Campylocentrum filiforme) were monophyletic and sister to the clade including Dendrophylax spp., Harrisella, C. filiforme, and Polyradicion. These two clades are henceforth referred to as Campylocentrum and Dendrophylax, respectively. Authorities for taxa discussed in the results are listed in table 1.
ITS Matrix
The Species of Dendrophylax were also only moderately supported as a clade (79% BS), but there were many wellsupported subclades: C. filiforme + Dendrophylax barrettiae (95% BS), Dendrophylax varius/Dendrophylax sallei (100% BS), Dendrophylax fawcettii + Dendrophylax funalis (99% BS), and Harrisella porrecta (97% BS). The C. filiforme + D. barrettiae clade is sister to the remaining members of Dendrophylax (79% BS). 3). As in the ITS matrix, Campylocentrum and Dendrophylax were only moderately supported clades. Within Campylocentrum, C. micranthum (Mexico) + C. schiedei (100% BS) and C. lansbergii/C. jamaicense (98% BS) formed the only subclades with greater than 90% bootstrap support. Within Dendrophylax, D. fawcettii + D. funalis (100% BS) and H. porrecta (98% BS) were the only two subclades with greater than 90% bootstrap support; these clades are also well supported in the ITS and trnL-F matrices. As in the trnL-F analysis, most relationships within Dendrophylax were unresolved.
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Discussion
From more extensive analyses incorporating ITS, matK, and trnL-F data of Angraecinae and Aerangidinae, Paleotropical Angraecinae form a basal grade within which the Neotropical Angraecinae constitute a derived, well-supported clade (99% BS; B. S. Carlsward, unpublished data). The most significant result of our current phylogenetic analyses of Neotropical Angraecinae (figs. 1-5) is the strongly supported polyphyly of Dendrophylax; intercalated among species of Dendrophylax are Polyradicion, Harrisella, and Campylocentrum filiforme.
The nomenclatural history of the large-flowered species of Dendrophylax is plagued with confusion. Originally, Pfitzer (1889) segregated the genus Polyrrhiza Pfitz. from Dendrophylax based on stipe morphology and flower size. He created Polyrrhiza based on several West Indian species originally described as Dendrophylax, but he only made an official transfer of one species, Dendrophylax funalis. Cogniaux (1910) later transferred the remaining species of Dendrophylax (Dendrophylax fawcettii, Dendrophylax lindenii, and Dendrophylax sallei) to the genus Polyrrhiza and named a new species (Polyrrhiza gracilis Cogn.), making a total of five species. Fawcett and Rendle (1910) were the first to begin disassembling Polyrrhiza by making Polyrrhiza funalis (Rchb.f.) Pfitzer synonymous with D. funalis. Garay (1969) Nir (2000) made the transfer of the one remaining species of Polyrrhiza (Polyrrhiza fawcettii [Rolfe] Cogn.) and all species of Polyradicion into Dendrophylax.
Examination of the Lindley orchid herbarium at the Royal Botanic Gardens, Kew (K) revealed several Harrisella specimens annotated in Lindley's handwriting as the genus Scrotella, accompanied by a loose sheet of paper with a handwritten description of the new genus. This name, probably drawn from the saccate, bilobed spur of the lip, was never published. Several taxonomists have suggested that Harrisella porrecta be transferred into Campylocentrum (Williams 1951; McVaugh 1985; Dressler 1993) , and Nir (2000) eventually made this transfer in his study of Antillean Orchidaceae. Based on our phylogenetic analyses, the small-flowered Harrisella is most closely related to large-flowered taxa of Dendrophylax and does not belong in Campylocentrum.
The relatively high levels of sequence divergence among the different accessions of H. porrecta (2% of the three-region matrix) indicate the possible existence of cryptic species. Al- though floral morphology varies little among H. porrecta populations, there are dramatic differences in root thickness, plant size, and inflorescence size. Most plants produce thin roots (0.5-2.0-mm diameter), but some plants from the Yucatá n peninsula (e.g., Carnevali 5907) are larger, possess thicker roots, and produce larger inflorescences. Germá n Carnevali (personal communication) reports that both thin-and thick-rooted forms are sympatric in certain areas of the Yucatá n. More extensive sampling of Harrisella throughout its range (perhaps coupled with chromosome counts and additional molecular markers) is needed to clarify the number of species present in this morphologically reduced clade.
Campylocentrum filiforme is strongly supported as a member of Dendrophylax in all of our analyses. Its short, fewflowered inflorescence is unlike the many-flowered, distichous inflorescence of other Campylocentrum species, and it is clearly qmisplaced within Campylocentrum.
In our analysis, Campylocentrum micranthum (Lindl.) Rolfe from Puerto Rico is more closely related to Campylocentrum jamaicense (Rchb.f. & Wullschl.) Benth. ex Rolfe than to mainland C. micranthum (Mexico and Panama). Campylocentrum jamaicense has previously been synonymized with C. micranthum (Ackerman 1995) . Within the species complex of C. micranthum-C. jamaicense, there seems to be a distinction between the West Indian material and the mainland material based on the habit of the inflorescence; the West Indian taxa are distichous while the mainland taxa are secund (R. L. Dressler, personal communication; Ackerman 1995) . While further sampling is required, our preliminary sampling supports this distinction.
It is clear from these analyses that floral size and gross morphology are not predictive of phylogenetic relationships within this Neotropical clade; the large-flowered (presumably, hawkmoth-pollinated) species do not form a monophyletic group. The relatively low levels of sequence divergence among Harrisella, Dendrophylax, and Polyradicion indicate that these taxa simply represent dramatic divergences in floral size and shape among closely related species. Our results are similar to those found in other orchid groups in which molecular analyses reveal extreme plasticity and convergence in floral morphology (Oncidiinae, Chase and Palmer 1997; Catasetinae, Pridgeon and Chase 1998; Stanhopeinae, Whitten et al. 2000; Oncidiinae, Williams et al. 2001) . Although Harrisella and Polyradicion differ greatly in flower size, they simply represent extremes of a morphological continuum connected by species of Dendrophylax with small to medium-sized flowers. Other than flower size, we find no consistent differences to delimit genera within this clade. Capsule morphology and dehiscence vary among species, but these traits are correlated with plant and flower size. The large-flowered taxa (D. funalis, D. fawcettii, D. sallei, Polyradicion lindenii) produce long, cylindrical capsules, whereas the small-flowered Dendrophylax and Harrisella produce ovoid to globose capsules. Harrisella is unique in possessing capsules with valves that separate at the apex and reflex at maturity in addition to flowers with a bilobed spur, but these traits represent autapomorphies of a single species and do not necessarily merit generic status.
To reconcile our phylogenetic analyses with a generic classification, two options exist. The first is to maintain Harrisella and Polyradicion and to create several new genera from the monophyletic groups within the polyphyletic Dendrophylax. Although Harrisella and Polyradicion both possess several autapomorphies that make them very distinctive, the other clades within Dendrophylax are morphologically intermediate. If this first option for classification were taken, the result would be several new genera lacking morphological synapomorphies. The second option is to transfer Harrisella and Polyradicion into a broader, monophyletic Dendrophylax sister to Campylocentrum. Based on the relatively low sequence divergence among these taxa, the lack of distinguishing morphological synapomorphies, and the polyphyly of Dendrophylax (sensu Dressler 1993) in the separate and combined cladograms, we choose to recognize a broad Dendrophylax, thereby avoiding the creation of many monotypic genera. Our circumscription of Dendrophylax is similar to that of Nir (2000) but differs by our inclusion of several species that he places in Campylocentrum (H. porrecta, C. filiforme, Dendrophylax helorrhiza Dod, and Dendrophylax barrettiae). We were unable to obtain specimens for DNA analysis of C. macrocarpum, Dendrophylax constanzense, Dendrophylax gracilis, D. helorrhiza, and Dendrophylax serpentilingua. Therefore, our decision to include these taxa within Dendrophylax was based on morphological descriptions and illustrations of each species. Necessary nomenclatural combinations are made in appendix A and appendix B.
Unfortunately, our revised classification eliminates flower size as an easy field character for generic recognition, and it necessitates nomenclatural changes for several well-known taxa. Nevertheless, this classification more closely reflects the evolutionary relationships among Neotropical species than the current system based on convergent pollination syndromes, and it should prove more predictive of other phenotypic traits. The most obvious synapomorphy for distinguishing these two genera is inflorescence condition. The flowers of Campylocentrum are arranged distichously on an unbranched raceme and are usually numerous (110), whereas Dendrophylax has a loosely single-flowered to several-flowered raceme or panicle, with few flowers open at any given time. From his extensive observations of Antillean Angraecinae, John Beckner (personal communication) noted the presence of a small, swollen extension below the abscission layer (between the peduncle and fused ovary/pedicle) in Dendrophylax s.s. and in Harrisella; this structure is absent in Polyradicion and Campylocentrum. This swelling could also potentially be used as a synapomorphy, albeit a homoplasious one. Live root tip color may be another synapomorphy separating Dendrophylax and Campylocentrum. Dendrophylax root tips are always green, whereas Campylocentrum root tips are usually tinted orangebrown in living taxa we have examined (although this color may weaken in cultivated material). The vegetative anatomy of this clade is currently under study (B. S. Carlsward, unpublished data) but has yielded no synapomorphies useful in distinguishing these two genera. A complete key to the species of Dendrophylax is in preparation by James Ackerman for his treatment of the Orchidaceae of the Greater Antilles.
Based on our limited sampling, Campylocentrum appears monophyletic and includes both leafy and leafless species, whereas all Dendrophylax are leafless. This distinctive leafless habit found only in members of Vandeae has probably arisen at least three times worldwide: (1) in Asia, (2) in Africa and Madagascar, and (3) in the Neotropics. Within the New World, leaflessness appears to have arisen at least twice: once in the ancestor of Dendrophylax and at least once within Campylocentrum (the Campylocentrum fasciola/Campylocentrum poeppigii clade). Several critical nodes within Campylocentrum ( fig. 5 ) are poorly supported and collapse in the strict consensus of all trees, making the evolution of leaflessness within the genus uncertain. However, Campylocentrum is a large genus of ca. 55 species with moderate levels of sequence divergence, and increased taxon sampling should improve the phylogeny and clarify the evolution of the leafless habit.
